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WCRP Grand Challenge on Extremes

* 8 key scientific questions have been posed to the scientific
community over the coming decade
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Why observe the climate?

S f
WEATHER STATION

IF THE ROCK IS we : /ts Raining
IF THE ROCK IS SWAYING... It's Windy
IF THE ROCK IS HoT ... 1ts Sunny |8
IF THE ROCK IS COOL... /t's Overcast
IF THE ROCK IS WHITE ... /t’s Snowing
IF THE ROCK IS BLUE... It's Cold
IF THE ROCK IS GONE...
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How do we observe the climate?

Michael de Podesta’s ‘Instrument of real beauty’ for
determining the Boltzmann constant
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Observations in some in really challenging environments ...

Image courtesy BAS via CIMSS AWS website (Fossil Bluff station)
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Many different observations
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History of instrumentation and observations

e Between 16 and 17t C instruments started
to be constructed to measure weather
variables e.g. temperature (Galileo, Santorio),
pressure (Torricelli)

e 18t and 19t century

> 1724 - Farenheit introduces first standardised scale

» 1742 - Celcius introduces scale based on freezing
and boiling point of water

> 1848 — Kelvin introduces scale based on ‘absolute
temperature’

* Miilitary realises benefit of weather
observations (first daily forecast produced -
1860)
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20th century

Late 1800s/Early 1900s — National Weather Services
formed

1930 — first weather balloon released
1941 — first radar network

1959 — first weather satellite launched (Vanguard 2)
1975 — first GOES satellite launched
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Data requirements for extremes

* (Quality, consistency and availability of observations underpin
analysis of climate extremes and attribution analyses

* Errorsin data are likely to show up as ‘extreme’

e But what we want/need versus what we get can be very
different
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Quality — what we want
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Quality — what we get
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Consistency — what we want

Artificial changes are well documented (metadata) and have been accounted for over
all time periods (traceability)

- -
;@1 Australlan Govermment 4
TR Burcau of Meseorsogy -

‘ Extended Climatological Station Metadata | E: Ci Station N
All History

e i S S = : i
lmm E— = m—m Annual maximum temperature at site 066062 (1910-2013)
e i 3 e P e 2 i ST | [ aromeier Fiv |07 [ Wietadam compied]
i i . . N 26 26
Instrument Locaélﬂ(]m alﬂgms:ggundmg Features Statlml Equlpmem History Australian Bureau of Meteorology
[Equipment InstallRemove
Cloud Height (No Electronic History)
River Height (No Electronic History) 25 25
01/JAN/1955 INSTALL Wind Run Anemometer (Type Unknown SN - Unknown) Surface Observations
3WAPR/1990 REMOVE Wind Run Anemometer (Type Unknown S/N - Unknown) Surface Observatiors —_
Spectral Radiation (No Electronic History) %)
Sea Surface Temperature (No Electronic History) o 24 24
Sea Water Temperature (No Electronic History) =
Evaporation o
O1JAN/I880 INSTALL Evaporation Pan (Type Class A SN - Unknown) Surface Observations =
13DEC/1966 REMOVE Exaporation Pan (Type Class A SIN - Unknown) Surface Observatiors 2
Minimum Temperature © 23
01/JAN/I859 INSTALL Thermometer, Alcohol, Min (Type Unknown S/N - Unknown) Surface Observations ®
31/MAY/1995 REMOVE Thermometer, Alcohol, Min (Type Unknown SIN - Unknown) Surface Observations
Soil Temperature S0cm (No Electronic History) g’
Sub Surface Temperature (No Electronic History) o]
Electrical Conductivity (No Electronic History) - 22
E Maximum Temperature £
01/JAN/I859 INSTALL Thermometer, Mercury, Max (Type Unknown SIN - Unknown) Surface Observations =]
31/MAY/1995 REMOVE Thermometer, Mercury. Max (Type Unknown SIN - Unknown) Surface Observations £
Soil Temperature 20cm (No Electronic Hist 2
Solar Radiation (No Electronic History) T 21
=

Soil Temperature Sem (No Electronic History)
Oxygen Content (No Electronic History)

Sea Water Level (No Electronic History)
Surface Inclination (No Electronic History)
Terrestial Minimum Temperature 20
O1/JAN/I850  INSTALL Thermometer, Terrestrial, Min (Type Unknown S/N - Unknown) Surface Observations
31JUL/1990 REMOVE Thermometer, Terrestrial, Min (Type Unknown S/N - Unknown) Surface Observations
Visibility (No Electronic History)

S Solar Radiation (Direct) (No Electronic History)

Magnetic Bearing (No Electronic History) 19
DVIAN 850 INSTALL Aremontr (Type Dics S - Unkronr) Sefacs Obeevations 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
OL/APR/1990 INSTALL Anemometer (Type Dines SN - Unknown) Surface Observations Year

01JAN/I955  INSTALL Wind Run Anemometer (Type Unknown S/N - Unknown) Surface Observations X:mo dats
3WAPR/1992 REMOVE Anemometer (Type Dines SN - Unknown) Surface Observations

30/APR/1990 REMOVE Wind Run Anemometer (Type Unknown S/N - Unknown) Surface Observations

Air Temperature

2/NOV/2012 INSTALL Humidity Probe (Type Vaisala HMPASD SIN - D3040011) Surface Observations
OU/APR/1990 INSTALL Temperature Probe - Dry Bulb (Type Rosemount S/N - NONE) Surface Observations.
07/JUN/2011  REPLACE Temperature Probe - Dry Bulb (Now Temp Control /N - 10309) Surface Observations
01/SEP/1963  INSTALL Thermograph (Type Fielden S/N - Unknown) Surface Observations

Range Rings 10m

e e ompleenes DAt olber than current tafion information.
1908, shouid b  be complee, a5 backfling o his
Prepar by Naoeal e e of e Bareas f Mo
Contactus by ghane o 5 5668 062, by Fx o 59 9569 515 o by s lmideaben v
pa i g b it his site s, compietenes. ar I
iy Fages. [particularly carler than 1998, should b t be complee. 2 backflling o hisorical data is incomplete |

Prepared by Nationl Clizate Cestre of the Barcas of Meteorology
Cotact s by b o 53 9063 062, by o (9) 5960 4515, o by el o clipiodsa o vz

© e Ce dia 2013, Bureas of Meteorology. Page 12
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Consistency — what we get

Base anomaly series and regression fit

1950 1960 1970 1980 1990

.
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Availability — what we want

www.get all data from all stations for all time periods in my favorite format.com

old_p'\Teaching\,WCRP-ICTP\spoof_site.html - Windows Internet Explorer

ey~ IE http: /. get_all_data_from_all_stations_for_all_time_periods_in_my_favourite_format.com| j ‘-) ‘ ‘ X ‘ IE Bing ‘ yeol v‘
File Edit View Favorites Tools Help X %Cunvert - @Select

<. Favorites ‘ ™ (<) suggested sites + &€ | ‘web Slice Gallery ~

& H:\old_p\Teaching|WCRP-ICTPYspoof _site.htrl | | - - [ g - Page~ Safety v Took~ @~

-

Get all the data you've ever wanted here in the format you like

What people say...
MAIN MENU
This is the best website! It answered
alf my data needs. Sharon, UK

i don’t know how [ did any research

before I found this website. This has

made my work so much easier. in

Extrom Vokse Dutrouton POF (ocatons0) fact [ now have plenty of time to play
p golf. Lee, USA

My family sees so much more of me
now! Thank you to everyone on the
R profect team for creating this great
resource, May, Germany

Forget boring homogenization
algorithms and getting data for your
extreme value analysis — this website
offers a one-stop-shop for all your
data needs. Sasha, Russia

You can’t beat this website for your
extreme event attribution needs.
Andrew. Australia

© 2012-2014 Get All Data In Your Favourite Format. All Rights Reserved
Design by Ted from Craggy Island
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Availability — what we get

Sub-daily precip stations (HadISD) and SDII coverage (HadEX2)

Qnurlrp- estra Ipt al 7014l

90°W 0° 90°E
years <5 5 <=years <20 * 20 <= years <40 e years >= 40

“We estimate the world loses 500,000 old records each day”. Rick Crouthamel, IEDRO
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Issues and uncertainties — 1. station error

uncertainty of
individual
station
measurements




Issues and uncertainties: 2. sampling error

uncertainty in
area mean
caused by
sampling
small number
of point
values

Source: Donat et al. 2013
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Issues and uncertainties: 3. bias error

SST - SSTfnd (K)

0.5 1.0 1.5 2.0
1 1 L <|-‘/'\

+ SSTskin : sea surface skin

temperature

<C> SSTsubskin :
+ SSTdepth:

+ SSTfnd: sea surface foundation
temperature

uncertainty in large-scale values caused
by systematic changes in measurement
methods

UNSW =
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Global SST measurements

Global-mean

Residual

Temperature (°C)

1880 1900 1920 1940 1960 198 2000

[N TN

Krakatoa  Santa Maria Agung El Chichdn Pinatubo

~ Climate Change & UNSW
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No evidence of change over land

b Land surface air temperature

Global-mean

|
|
|
|
|

Residual

Temperature (°C)

1880 1900 1920 1940 1960 1980 2000
Year

* Climate Change
Source: Thompson et al. 2008 .. Research Centre




a Adjustments applied to HadSST2 data «— —>» Adjustments not yet applied
1 1

1 1 1 1 1

HadSST2
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Inhomogeneities

Artificial changes in the observed record that are not due to
changes in climate

Can be introduced through changes in e.g.
observation source or observing practice
number of observations
station relocation

instrumentation change
site environment

Inhomogeneities can be sudden or gradual
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Statistical tests can adjust data for inhomogeneities
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Is this different for extremes?

27
Perth, Australia Tmean
26 v

25
24
23
22

21 T T T T
1910 1920 1930

T T T T T T T T

1940 1950 1960 1970 1980 1990 2000 2010

Perth, min Tmjn

6
Before a site move in 5
4 -
1993 an ‘extreme’ ) | “v
2
1
0

Tmin < 2°C occurred
only 5 times in Perth
but almost every year
since then

-2 T T T T T T T T T T T T T T T T T T T T
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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Observing practice — it never rains on a Sunday

0.35 1 I | 1 | | 1
Bl Station frequency
0.30 - El AWAP frequency
0.25
g 0.20-
Q@
=]
o3 e N T R R
£ 015 Mean M Hmm W BN -
o101 TN HE BE BE B Bm
0.05 -
0.00
Sun Mon Tues Weds  Thurs Fri Sat
Day of week
% UNSW
Source: King et al. 2012 - Climate Change
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The long list of issues to be considered

* Station moves

* Instrument changes

* Observer changes

* Automation

 Time of observation biases

* Microclimate exposure changes
* Urbanization

* Andsoon..

* And that’s just for the land records, similar laundry
lists for satellites, radiosondes, marine ...

L
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Underlying which are two absolutely fundamental issues ...

A lack of traceability to absolute or even relative standards for
most of the historical (and present day) records

A lack of adequate documentation of the (ubiquitous)
changes sufficient to characterize in an absolute sense the
time-varying measurement characteristics.
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All data have problems and uncertainties

 Which are different from (climate) models
* Which require expertise to minimize

— E.g. not all data sets were created equal

* Fortunately, there are experts in almost all types of
observational data who would be happy to share their
insights

— As these data are often their life’s work

¥ UNSW
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Normalized units Normalized units

Normalized units

IPCC AR5 observed extremes assessment

Anomaly (days)
o

20 L . L . 1 L
1950 1960 1970 1980 1990 2000 2010

N W
o o

10 k
0
-10 £
1950 1960 1970 1980 1990 2000 2010

Anomaly (days)

(a)

Landfalling Tropical Cyclones, Eastern Australia

(b)

Landfalling Hurricanes, United States

Landfalling Typhoons, China

1900 1950 2000

Very likely
decreases in cold
days and nights
and increases in
warm days and
nights

Low confidence in
long-term increases
in intense tropical
cyclone activity

Virtually certain
North Atlantic since
1970s

-20 -15 -10 -5

60

B

0
20
0

(@) R95p 1951-2010

[T 7]
0 5 10 15 20
Trend (% per decade)

Little change in drought over the
past 60 years

'\,WA«NW

1950 1960 1970 1980 1990 2000

warming in observations and models

Increasing drought under global

Likely more land
regions where the
number of heavy
precipitation events
has increased than
where it has
decreased

Low confidence in
increasing drought
duration/intensity

Likely increases and
decreases in some
regions
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Recent attempts to reconcile differences

0.3

PDSI
S
-
(
NS

037 —— CRUTS310.01 7 \
~ UDel v3.02
| GPCC v6
——— GPCPv2.2 +CPC
06

1950 1960 1970 1980 1990 2000 2010

Year

Source: Trenberth et al. 2014
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Scaling issues

" Climate Change
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Fundamental mismatch?

* The spatial representativeness of in situ observations which
are gridded using interpolation techniques may not ‘mean’
the same as climate model output of extremes .‘

e Scale mismatch (or ‘problem of change in support’) more
importantly affects phenomena whose spatial features are
discontinuous or have short temporal scales

— e.g. sub-daily precipitation, extreme events

* Alternative data sets are available (e.g. reanalyses) but come
with their own problems

.
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Points versus grids

1. Observations are taken at points locations
2. Climate model output represents an areal average

High-Quality Daily T Network Warm nlghts (MODEL)
108 ™ : > T ~— \%
P, 20S+
W
40S+
%
105E 120E 135E 150E

% UNSW
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Gridding allows comparison with climate models

b) Wi ights, CCSM3
Warm nlghts (OBS) O g Namnigns, COSMS
10SF T s A
% 06 . | ] 80 ‘)l 1 vj‘.m dﬂh“ 1 |
2OS i 'g 04 "-.::
0.2 ~A18
EL 00 -2 :0 ' 2 . =
# 205 A
40St 1 v 104 =
i ; : ; D o
105E 120E 135E 150E Q w""“//
A0

1880 1920 1980 2000 2040 2080

_2 1 0 1 > p d). . Heat wave duration Index
\ 7o),
@ a) Warm nights
Ct .. .
{ Compare \
8 - -
Warm nights Warm nights (MODEL)
25: ‘ o 10SF 7 e <
[ 205 - =
20+
i 20S}
15[ prrg R
R 30S}
10:* |;E “'*
: s0s) WL T .
51 £ 30 0 30 &
i 105E 120E 135E 150E .
1050 1060 1670 1080 1960 2000 S ee— | Difference end 21 C

compared to 20t C

8w A

Source: Alexander and Arblaster, 2009 Cllmate Chan
. Mesearch Centre
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Gridding versus downscaling

Gridding methods usually work by assigning values to
unknown points by means of a weighted average of a numbe
known points

 Downscaling is the means of converting of areally averaged
data to point data. There are two main types:

— Statistical
— Dynamical

#UNSW -
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Gridding methods

 There are many techniques that convert point observations to
areal averages (grids). These include:
— Kriging
— Natural neighbours
— Minimum curvature
— Inverse distance weighting
— Angular distance weighting
— Radial Basis Functions




Example: Angular Distance Weighting (ADW)

* Requires knowledge of the correlation structure of the data
i.e. how the chosen climate variable varies across space and

time

A correlation function, £, is defined for each i station:

‘f;‘
Decorrelation length scale

Distance from i’ station to
gridbox centre

¥ UNSW
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Decorrelation length scale

* Also referred to as the e-folding distance
— i.e. the time it takes the fitted function to fall away with distance

Correlation decay distance for Dec_TXx

to1/e

1.0 ‘ T ‘ A T R e i
CM e, o . Good fit =Yes (chi-squared at 5% level) ]
+
E3 +F +++H-1* . t. +++ . B
0.5+t F e e e ot * U T —
=i itﬂ; e ey ot T Py %f; ﬁ% Pt o S R 7
B i+++$% s - I e e SRR 1—1 |
G U +++$¢+%#+%§' - 3 r +ﬁ+++ i: N
"+
: Wiﬁ#%+f#ﬁﬁéﬁ+ﬁ_ﬁ+$++ + & -+ § ii #_*@#‘5;1' I - 5 &i_ %P‘ 5 %
- +
S S bl R il S i S S AR RIS B S A A
+ E o + o & + t + +
05— N v, + + ]
_1 .D L L Il L L Il L L L n n ]
0 1000 2000 3000 4000
e-folding=692km
Climate Change UNSW
l g THE UNIVERSITY OF NEW SOUTH WALES
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Calculating weighting functions

Bearing of i and
k' stations

1+2 ﬁc’"[l — COSA@— 6%)]\

2

/

Adjusts function
decay

k sums over all stations within circle of

influence (R)

R is determined by the correlation function
(usually the e-folding distance)
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Testing values of m

 The parameter that determines the exponential decay of
station weights

Correlation weighting function varying parameter m
1.0

T —r e — e o

Mo
=
=
=
e
=
=
=
I~
I!:.?III|III|III|III|III
=
=

= Climate Change ,
e Research Centre
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Parameter choices

* Period over which correlation is performed (all years, subset
of years)

* Value of m (multiple tests can determine ‘best’ value)
* Distance over which function is fitted

e Ultimately parameter choices necessarily have to reflect
compromises (don’t have data points for all space and time
periods, don’t have all information)

.
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Testing the ‘goodness of fit’ of the chosen method

 The method can be tested by trying to simulate the station
data rather than an unknown grid point location

Relative weights for Cobar MO

|
/)
— /‘.
i
Ve A
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| D il
140 148 : : i e
- cedB2. L T

048027_TXx

50

40
30
20 -
10 RMSE=1.13 E
of L PO
1940 1960 1980 2000 2020

Climate Change
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Error ﬁelds (a) Minimum temperatures

90N

4sNF

*Possible to determine
regions where you have sy
more/less confidence in the o
gridded product

RMSE °C

. R
*Enables ‘error bars’ to be T ;:4 a—
plaCEd on g”ddEd (b) Maximum temperatures

observational data -~

45Nl

*Important for climate
model evaluation or

458

90S

90w 0 90E 180

= Climate Change
Source: Caesar et al. (2006), JGR el Research Centre !
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Parametric versus structural uncertainties

 Parametric uncertainties can be calculated by testing our
choices within our model framework e.g.

— Parameter settings
— Minimum number of ‘points’ to consider

— Type of function to fit and maximum distance over which to fit
function

— Value of function decay
e Structural uncertainties can be calculated by using multiple
gridding methods

— Questioning your methodological framework

— E.g. Kriging versus ADW

* Need to understand uncertainties before appropriate

evaluation of climate models
]
£ UNSW
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Comparison of the different data sets

Hottest day of the year

(1° grid, fixed parameters)

HQ stations ALL stations AWAP
HQ stations TXx Trend 1951-2009 GHCND stations TXx Trend 1951-2009 AWAP TXx Trend 1951-2009

Bl ar' o ad S e " e Y

-0.08 -0.04 0 0.04 0.08 -0.08 -0.04 0 0.04 0.08 ‘ "

[°C/decade] [°Cidecade] -0.08 -0.04 0 0.04 0.08

\ I T
Y Y

Same gridding method Same input data
Different input data Different gridding method

& UNSW

THE UNIVERSITY OF NEW SOUTH WALES

ARC CENTRE OF EXCELLENCE FOR 4 m(fl]m a ‘te C h an ge
*CLIMATE SYSTEM SCIENCE ( . Research Centre




Also does grid size matter...?

AWAP TXx Trend 1950-2008, 0.05deg AWAP TXx Trend 1950-2008, remap 0.5deg AWAP TXx Trend 1950-2008, remap 1deg
ey Had ™ \ e~ Hadi S \ s ad \

AWAP TXx Trend 1950-2008, remap 5deg

s T S,

-0.08 -0.04 0 0.04 0.08
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How large is this uncertainty?

Example for Australia

44 ¢
43 .
42= . Several hundred realizations
®) == = .
2 41 by varying:
405 :
39 .
38E, l . . , , * Grid size
1950 1960 1970 1980 1990 2000 2010 | 4 parameters
* Network density
120 1| * Interpolation method
100 — — . . .
N 1 | * Prior painstaking work on
€ — - .
E o 1 | quality control and
sob 1 | homogenisation of data
1 9I50 1 9‘60 1 9I7O 1 9I8O 1 9I90 20I00 20‘1 0
HQ
GHCND
AWAP

UNSW
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Source: Vogel, 2012 Climate Change o
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Can test multiple methods and regions

(a)ChinaDEX TXx (b)HadEX2 TXx

L

L)

A
Ll Ll L by L

Source: Yin et al. 2014 | Cllmate Chang . . UNSW
I Research CentigimS=iunn



Bias estimation

(@) bias: Ch!naDEX-HadEX"’ . (f) bias: Chi?aDEX-GHCNDE?(

[C)

4 5 4-3-2-10123 45 6




Trend estimation

(a) ChinaDEX TXx

(b) HadEX2 TXx
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] { L \\/ — ‘\‘,4%7\/ \_,__i\/ AV A7) :
320 — o
] \ " " p LA = - -
800 = S i A A Vi e T 7 -
280 . l L T L L} l L} L} I L T ' L T L L l T L L l -
1960 1970 1980 1980 2000 2010

o s

Climate Change
— Research Centre

UNSW

THE UNIVERSITY OF NEW SOUTH WALES




For absolute extremes quality particularly important

(a) ChinaDEX TNx
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Why don’t we just use reanalysis data?

 Reanalyses based on observational data assimilated into a NWP model
v provide physically consistent fields
v' complete spatial coverage
X Usually shorter than in situ records
X Inhomogeneous especially since assimilation of satellite records
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Advantages and disadvantages of reanalyses

U WIND [m/s] 10mb ANN (1979)

* Able to assess fields for which e T TS
there are little or no observations

e e e e

e Qutput may be more similar to
GCMs

* Disagreement between products
and between products and
observations

* Inhomogeneous over time
(especially due to inclusion of
satellite data in late 1970s)
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Types of reanalysis products

* European Centre for Medium-range Weather Forecasts
(ECMWEF) e.g.
— ERA-40 (Sep 1957-Aug 2002)
— ERA-interim (1979-present)
e USAe.g.
— NCEP/NCAR reanalysis (1948/01/01 to present)
— NASA MERRA (1979-present)
— NOAA-CIRES 20th Century Reanalysis V2 (20CR): 1871-2008
* Japane.g.
— JRA-25 (1979-2004)
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Reanalysis data in comparison to gridded in situ data sets
TXx decadal trend 1979-2010

TXx global average absolute and normalised
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Example spatial correlation between datasets

HadEx2
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HadGHCH
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Correlations TXx
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Example temporal correlation between datasets

Pattern correlation TXx

GHCNDEX
HadGHCND
NCEP1
ERA40
NCEP2
ERA-Interim
JRA25
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Calculating uncertainties for global datasets of extremes

R95p * HadEx2 cwD *  HadExa
@ jackknife - 25% 0.0 0.1 @ jackknife - 25%
' jackknife - 50%

Jackknife - 50%

jackknife - 75% jackknife - 75%

36 B completeness 056 _/ W completeness
W scale parameter : e W scale parameter
dIs fitting : dis fitting
V stations per dls V stations per dls

long term stations long term stations

Q;/} J stations per box 0.48 - -‘_5 i __"D Q),>~ J stations per box
: 0% CAM ‘ p : CAM
o8l > %o ® M %, ® oM
® RsM ® RsM
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Standard deviation Standard deviation
HadEX2/code/trunkiplot_taylor_combined.py 02-Oct-2013 14:52 HadEX2/code/trunk/plot_taylor_combined.py 02-Oct-2013 14:51

Structural uncertainties are larger than parametric uncertainties
Some indices have larger uncertainties than others
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‘Observations’ versus models

Avg annual precipitation intensity (mm/d) over land (masked)
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Remember that observations are models

 “All models are wrong...”
* “..but SOME are useful”

G.E.P. Box

* “All models using erroneous
data are wrong...”

* “..and NONE are useful”

L.V. Alexander
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